Objective: To evaluate the features of clinical presentation of neonatal necrotizing enterocolitis and its associated factors.
Introduction
Neonatal necrotizing enterocolitis (NNE) is a syndrome which is characterized by a distended abdomen, bilious vomiting and hematochezia, and may evolve peritonitis, pneumoperitonitis and shock. It is the most feared and the most lethal gastrointestinal emergency in neonatal intensive care units, with a mortality rate varying between 1% and 8%. 1 Its incidence is inversely proportional to gestational age, affecting 5 to 15% of premature newborns and up to 7% of newborns who have been carried to full term, in intensive care units. 2 It can be considered as "the survivors' disease", since it occurs with increased frequency among patients who have survived the numerous intercurrent conditions of the neonatal period, such as episodes of hypoxia and infections, and which are already in a period of nutritional support.
In 1978 Bell et al. proposed criteria for classification by stages of the disease with the objective of directing therapeutic decisions 3 , including systemic, intestinal and radiographic symptoms. 4, 5 A range of different risk factors have been identified with relation to enterocolitis, the majority since the 60s. The occurrence of asphyxia, premature birth, polycythemia, umbilical catheterization, twinning, respiratory disturbances, patent ductus arteriosus (PDA), rapid dietary progression and the administration of artificial milk can cause a predisposition to the disease. 6, 7 Kliegman et al. studied 123 newborn babies with enterocolitis, over a nine-year period. Ninety-three of these were premature and 7% had been carried to full term. In this study premature birth, the employment of an umbilical catheter, the occurrence of respiratory disturbances and asphyxia were identified as risk factors. In 11.4% of these cases, there was no evidence of any risk factor for this disease. 8 An inescapable causal relationship between the risk factors cited is still the subject of controvesy. 9 We have undertaken this work with the objective of studying the different forms that the evolutionary and clinical presentation of neonatal necrotizing enterocolitis take, and of evaluating factors associated with the disease.
Material and methods
A retrospective study was carried out into all cases of neonatal necrotizing enterocolitis (n = 56), occurring between December 1986 and July 1992 at the Lagoa Neonatal Intensive Care Unit, RJ, corresponding to 2.3% of internments during this period. For diagnosis and classification of the disease in stages I, II and III, the modified Bell 3 criteria were obeyed.
The diagnosis and evolution of all enterocolitis (n = 56) were evaluated. Cases of enterocolitis at stages II and III (n = 44) were selected and compared against a control group (n = 44), paired for birthweight (± 250 g) and the date of internment (± 2 weeks), in order to investigate factors associated with the disease. There was no calculation of the sample size, the available sample for each case being used, and n (simple frequency) being equal across the two groups. The choice of infants to make up the control group was made based on those that were most similar in weight and date of interment, pairing case to case.
Children with clinical or radiological evidence of gastrointestinal deformities were excluded.
The maternal history variables considered included: maternal age, premature rupture of the amniotic membrane and the presence of infection while pregnant, diagnosed by the occurrence of fever and laboratory tests such as those for leukocytosis with neutrophilia and a positive urine culture.
The neonatal parameters studied were: Apgar scores at of 1st and 5th minutes, sex, weight at birth, gestational age (using the modified Ballard method, 10 ) correlation of birth weight to gestational age (assessed with the Lubchenco et al. curve, 11 ) the presence of polycythemia (defined as the presence of venous hematocrit above 65%, 12 ) the use of an umbilical catheter, seropheresis, the occurrence of respiratory disturbances, the use of ventilation support, congenital cardiopathies, feeding history (the point at which feeding began, the way it progressed, noting increases of more than 20 ml/kg/day, type of feeding), clinical and radiological evolution of the disease, the isolation of the infectious agent in culture (blood, stool, urine and peritoneal liquid), the performance of surgery (indications, location of the most affected intestine), internment period, evolution to discharge or death and weight at discharge.
The results obtained were analyzed using the Student t test to compare arithmetical averages, the Wilcoxon test for abnormal distribution variables and the χ 2 test (chi-square) to compare proportions between groups. 
Results
Demographic data on the population studied (n = 56) is given in Table 1 .
Average age at diagnosis of NNE was 10.7 days ±17.74, and 12.3 days ±12.62 for premature infants and 9.2 days ±12.62 among full-term newborns. The most frequent symptoms were: a distended abdomen (n = 51, 91%), hematochezia (n = 33, 58.9%), gastric residue (n = 33, 58.9%) and lethargy (n = 25, 44.6%). Thirteen infants evolved hypovolemic or septic shock. An analysis of radiological aspects revealed distended abdomen in 45 patients (80.3%), intestinal pneumatosis in 13 (23.2%), pneumoperitonitis in 13 (23.2%) and air in the portal system in seven cases (12.5%). With relation to the stage of the disease, 12 newborns (21.4%) presented enterocolitis at stage I, 18 neonates (32.1%) evolved to stage II and 26 (46.4%) to stage III.
Of the 177 blood cultures collected, 30 (16.9%) were positive. the microorganisms most frequently isolated were Klebsiella sp in six, Staphylococcus epidermidis in five and Staphylococcus aureus in four cases. Of the seven patients for whom a culture of the peritoneal liquid was taken, there was bacteria growth in all cases, with a predominance of Klebsiella sp in three cultures.
Twenty-four (44.5%) of the 54 stool cultures taken were positive, with Klebsiella sp predominating with 10 (18.5%) cases, followed by Escherichia coli in eight (14.8%) and Staphylococcus sp in six (11.1%). All urine cultures were negative. Two of the 47 cerebrospinal fluid cultures were positive (4.2%).
Eighteen newborns (32.1%) were subjected to urgent surgery, 13 because of pneumoperitonitis. The most frequently affected location was the small intestine (10 cases). Two patients were operated again to correct stenosis of the colon, due to enterocolitis.
The average period of internment was 34.2 days±24.47.
Factors associated with necrotizing enterocolitis -Vieira MTC et alii
Ten infants died: three during the post-operative period, three congenital cardiopathy carriers (two with PDA and one with hypoplasia of the left ventricle) and four patients with respiratory disturbances (two with hyaline membrane, one with transitory tachypnea and one with pneumonia ).
Evidence was found of four evolutionary patterns for neonatal necrotizing enterocolitis: -an acute, fulminating form, with a rapid progression to shock and death (n = 10); -an acute form with extensive pneumatosis in full-term newborns (n = 13); -an insidious form primarily affecting premature infants (n = 21); -a form which is restricted to suspicion (n = 12);
In the comparative analysis of the 44 infants with levels II and III enterocolitis against the 44 infants in the control group, did not reveal statistically significant differences for the following parameters: maternal age, premature rupture of the amniotic membrane, maternal infection, Apgar score at 1st and 5th minutes, sex, birthweight, gestational age, number of SGA (Small for Gestational Age) newborns, polycythemia, the use of umbilical catheters, the presence of PDA, average age at the introduction of feeding, exclusive use of mothers' milk, period of internment (Table 2) .
Those infants who developed NNE presented significantly greater apnea (p = 0.045) and received, to a statistically significant extent, less ventilation support than the control neonates (p = 0.006) ( Table 3) .
Twenty-two newborns (50%) with enterocolitis and 13 (29.5%) from the control group were fed under a dietary regime which progressed rapidly. This was a significant difference (p = 0.048). Transfontanelle ultrasound exams revealed alterations in nine of the infants (20.4%) with enterocolitis and in only five (11.3%) neonates from the control group (p = 0.042).
Of the 138 blood cultures collected from the group of patients with enterocolitis, 24 (17.4%) were positive. In the control group, of the 78 blood cultures performed, only five (6.4%) showed bacterial growth (p = 0.000). There was no significant predominance of any particular microorganism, when the groups were compared (p = 0.788). Within the enterocolitis the most frequently isolated bacteria were Staphylococcus sp and Klebsiella sp.
The stool cultures presented higher positivity rates: 36 (68%) of the 54 stool cultures performed for the enterocolitis group were positive, in comparison with 14 (29.8%) of those 47 collected from the control group (p = 0.000). Once again there was no significant predominance of any particular microorganism, when the groups were compared (p = 0.948). In both groups Klebsiella sp was the agent most frequently isolated.
The patients with enterocolitis had a much higher mortality rate than the control group, eight and two cases respectively (p = 0.023). Factors associated with necrotizing enterocolitis -Vieira MTC et alii
Discussion
Neonatal necrotizing enterocolitis presents high rates of morbidity and mortality, with serious complications due to the extensive intestinal necrosis. In the United States, around 1500-2000 newborns with enterocolitis die per year. 13 In 1967, Toulakian et al. reported mortality rates of about 70%. 14 Nowadays survival rates in the United States and certain European countries are over 80%. 1, 2, 15 Morbidity, however, remains high, with the occurrence of serious intestinal sequelae such as short bowel syndrome. 16 In our study the incidence of enterocolitis (2.3%) was similar to that described in the United States and Canada, at around 1-8%. 1, 2, 8 The mortality rate was 17.8%, similar to those described in other countries. 1, 2, 15 The identification of factors associated with NNE is of fundamental importance to the planning of preventative measures.
In our research no detail of the maternal history was significantly associated with an increased incidence of enterocolitis.
With respect to the Apgar indices, no significant differences between the group with enterocolitis and the control group were observed. Hackett et al. demonstrated that episodes of chronic fetal hypoxia, undetected at birth, are later associated with enterocolitis. 17 In the sample studied, transfontanelle ultrasound exam results showed more alterations for those newborns with enterocolitis than for those in the control group, probably reflecting a greater incidence of ischemia attacks among these patients.
Polycythemia has been considered to be a factor predisposing patients to enterocolitis. Experimental studies performed by Leake et al. demonstrated a decrease in mesenteric blood flow, a greater tendency towards hemorrhage and intestinal necrosis in polycythemic animals. 6 Whether lesions were caused by hyperviscosity or by variations in intravascular volumes during seropheresis, remains controversial. In our study neither polycythemia nor any association of this with umbilical catheters and seropheresis were risk factors for the disease.
Episodes of apnea occurred significantly more frequently among the group with enterocolitis than the control group (34% versus 13.6%, p = 0.045). On the other hand, the control group received ventilation support in a greater number of cases when compared with the enterocolitis group (84% versus 54.5%, p = 0.006). This data suggests that repeated episodes of apnea and hypoxia, may not have been given their just value, and been effectively corrected for the patients in the enterocolitis group; leaving these newborns at the mercy of their consequences. Santulli et al. and later, Mace et al. demonstrate that only multiple, repeated episodes of hypoxia would be capable of causing intestinal necrosis. 18, 19 Thus, with newborn infants especial attention must be afforded to the occurrence of apnea, as a factor associated with neonatal necrotizing enterocolitis.
Due to hemodynamic instability and low oxygen saturation levels which make tissue hypoxia possible, congenital cardiopathies have been described as risk factors for neonatal enterocolitis. In the sample studied PDA was equal across both groups and was not a factor predisposing patients to the disease. Similarly, neither were the other cardiopathies found.
In the present study, 51 (91.1%) of the 56 patients who developed NNE had been fed before the appearance of the disease. The most frequent symptom was distended abdomen (91.1%). Reports, however, exist of enterocolitis in patients which had never received a diet. Marchildon et al. studied 139 newborns with enterocolitis. Fourteen of them had not been fed. These patients were, however, extremely premature and asphyxiated. In surgical cases ischemia lesions were described, primarily affecting the jejunum. 20 Some authors have suggested the existence of maternal milk having a protective effect against enterocolitis, by way of immunoglobulins. 21 The disease, however, has been described in children fed exclusively on their mothers' milk. 22 Richter et al. demonstrate that the oral application of immunoglobulin (IgG) was not capable of protecting newborns from enterocolitis. 23 In our study no significant differences were observed between exclusively breastfed children in either group. Mothers' milk did not demonstrate any protective effect against the disease.
Mckeown et al. demonstrated that daily increases in the volume of the diet of more than 20 ml/kg/day significantly increased the risk of enterocolitis. 24 In opposition to these results, Raysis et al. that rapid daily diet progressions did not increase the incidence of the disease. 25 In our series, 22 newborns (50%) with enterocolitis and 13 (29.5%) of the control group received rapid increases in the daily dietary volume. This difference was statistically significant to the break out of the disease (p = 0.048). Contrastingly, the average age of introduction to the diet was not a significant factor. Daily increases of more than 20 ml/kg/day to the dietary volume of newborns should therefore be avoided with the aim of not putting them at greater risk of developing enterocolitis.
In our series, 17.4% of the blood cultures of the enterocolitis patients were positive compared with 6.4% of those form the control group (p = 0.000). The isolated microorganisms are not necessarily the primary agents of the disease. Any factor which provokes the loss of intestinal mucous integrity can cause bacteremia. Stool cultures were also more often positive when taken from the patients with enterocolitis (68% versus 29.8%) -p = 0.000. The most frequently isolated microorganism for both groups was Klebsiella sp.
While bacterial colonization of the intestine by potentially pathogenic microorganisms appears to be a prerequisite for the occurrence of enterocolitis, no evidence exists to associate a specific bacteria with the disease. 15 Among bacterial mechanisms causing intestinal lesions we found the action of endotoxins on macrophages with the liberation of the tumor necrosis factor -TNF -and the stimulation of the platelet activation factor -PAF, in addition to the intraluminal fermentation of lactose with an increase of the relative ischemia and H2 of the mucose. 26 Caplan et al. have demonstrated that bacterial endotoxins increase the production of the platelet activation factor -PAF -resulting in vasoconstriction, intestinal necrosis and ischemia, in an identical manner to that in which it occurs with enterocolitis. 27 Recently, Rabinowitz et al. have demonstrated an increase in PAF-LL levels as enterocolitis worsens. 28 Thirteen cases of pneumoperitonitis (23.2%) were observed, requiring urgent surgical intervention. Recently, by means of immunohistochemical analyses, evidence of a significant increase in cyclooxygenase -COX-2 levels has been found in the dried intestines of infants who evolved pneumoperitonitis. The activation of COX-2 is induced by PAF, and represents an important mediator at a molecular level of inflammatory intestinal lesions with enterocolitis. 29 In conclusions, we observed that in our study the clinical aspects most commonly found were a distended abdomen in 91% of cases and hematochezia in 58.9% of patients. Evidence was found for four forms of NNE clinical evolution, with one of them being limited to suspicion (n = 12 NBs, 21.4%), one fulminating form with shock and death (n= 10 NBs, 17.8%), an acute form with the presence of extensive pneumatosis in full term newborns (n = 13 NBs, 23.2%) and a predominant insidious form primarily affecting premature infants (n = 21 NBs, 37.5%). Factors associated with neonatal necrotizing enterocolitis were: the occurrence of apnea (p = 0.045), rapid increases to diet (more than 20 ml/kg/ day) -(p = 0.048) and the identification of an infectious agent -(p = 0.000).
